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SHOT  REFRACTION  PROFILES  IN  THE  ATLANTIC 
COASTAL  PLAIN  b MiLEa  LAax  Of  AhuROSE  LIGHTSHIP 

by 

R.  0.  Carlflon  and  M.  V.  Brown 
ABSTRACT 

Two  mutually  perpendicular  proflltfl  were  obtained  by  re- 
versed refraction  shooting  across  a point  at  40®2'?'55**N  and 
73“41'40'*W,  about  8 miles  south  of  Long  Beach,  Long  Island,  and 
6 miles  east  of  Ambrcse  Lightship.  Three  ground  layers  were  de- 
tected with  slopes  of  less  than  1®  along  either  profile.  The 
aelamic  velocities  and  thicknesses  of  the  layers  are  as  follows: 
water-4905  ft/sec,  80  feet;  unconsolidated  sediment-5630  ft/sec, 
750  feet;  seral-consolldated  sediment-6750  ft/sec,  1040  feet;  rock 
basement-lS, 600  ft/sec.  The  velocity  values  and  rock  basement 
depth  are  in  agreement  with  previous  seismic  refraction  results 
for  nearby  ocean  areas. 
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INTRODUCTION 


Daring  the  month  of  June,  1953,  two  mutuciily  perpendic ular 
reversed  refraction  profiles  were  made  in  a shallow  water  area 
5 miles  south  of  Long  Beach  ac  Fcss  cx  pciriw  slgnated  as  X-Ray, 
40®2'’'5t"l  and  73®'1‘40''W.  The  purpose  of  this  experiment  was 
to  determine  several  of  the  physical  parame^-ers  of  the  area  such 
as  the  thickness  of  sedlmer.i  j.ayers  underlying  the  water,  the  ve- 
locl*y  of  sound  in  the  water,  and  the  velocity  of  sound  in  the 
sedlr.ent  layers  and  the  rock  basement.  Previous  shot  refraction 

f ^ \ 

profiles  to  the  east  of  point  X ^ arid  fresh-water  well 

lor  data  on  nearby  Long  Island  '''  made  it  possible  to  estimate 
beforehand  that  we  could  expect  one  or  tv.'O  sediment  layers  over- 
lying a rock  basement  at  a deptl.  of  about  1701  feet  (measuring 
from  the  ocean  surface).  One  profile  was  chosen  to  be  along  the 
direction  of  expected  maximum  basement  slope, 

LC CAT ION 


The  position  of  point  X-Ray  was  marked  by  the  Coast  Guard 
v.mth  an  anchored  buoy  The  depth  of  watei  near  X-Ray  is  about 
80  leet  rig,  1 16  a chart  of  the  area  involved  in  this  she: 


refraction  project  showing  point  X-Ruy  previous  shot  refraction 

The  four 

shot  receiving  stations  are  indicated  as  ABLE  BAKER,  CHARLIE, 


stat  ions, ' and  well  positions  on  Long  Island  ' 


and  DOG,  The  first  reversed  refraction  profile  was  fired  along 
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the  line  Joining  ABLE  and  BAKER,  making  an  angle  of  58“  with  True 
North.  The  aecorid  reversed  refraction  profile  was  fired  along 
the  line  Joining  CHARLIE  and  DOC  at  an  angle  of  143“  with  True 
North.  The  four  receiving  stations  were  selected  to  be  one  nau- 
tical mile  fror.i  point  X-Ray. 


AnTDAO  AHiTra 

/W  * /Vi  iJ  *w* 


The  shot  firing  snip  for  this  experiment  was  the  U33  ALLE- 
GHENY (ATA-179).  A 4C  foot  Navy  .Retriever  boat  was  used  as  the 
listening  station.  The  shot  arrivals  through  the  water  and  var- 
ious ground  layers  were  received  by  a Brueh  AX-58-C  hydrophone 
lying  on  the  ocean  bottom  at  a depth  of  about  80  feet,  were  am- 
plified by  a geophysical  amplifier  with  a gain  of  the  order  of 
40  to  60  db,  filtered,  and  then  recorded  on  a Southwestern  In- 
dustrial Electronics  Oscillograph  Camera.  Eight  channels  were 
used  on  the  recording  camera.  three  for  the  low  frequency  fil- 
tered hydrophone  signal  (up  to  60  cos),  three  for  the  high  fre- 
quency filtered  and  rectified  hydrophone  signal  (above  500  cps), 
and  two  for  the  radioed  shot  signal.  To  give  the  firing  time 
of  the  shot;  the  shot  signal  picked  up  by  holding  a microphone 
against  a bulkhead  o^  the  firing  ship  was  transmitted  to  t.he  Re- 
triever, Txie  speed  of  the  firing  ship  was  known  and  the  inter- 
val of  time  between  the  throwing  of  the  charge  over  the  ship's 
side  to  the  explosion  was  measured.  From  this  data  the  correc- 
tion for  the  time  of  travel  of  the  shot  sound  wave  through  the 
water  to  the  firing  ship  was  easily  made. 
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PROCEDURE 

The  procedure  followed  in  obtaining  a refraction  profile  is 
llluetrated  by  Event  .ABLE.  The  firing  ship  proceeded  to  position 
X-Ray  and.  using  its  radar  and  pelorus,  moved  out  one  nautical 
mile  on  the  bearing  of  233°  T to  station  ABLE.  The  Retriever  camie 
up  alongside  and  anchored.  The  firing  ship  then  moved  away  and 
stood  by  until  the  Retriever  had  iovered  its  hydrophone  and  was 
ready  to  receive  shot  sound  arrivals.  The  Retriever  requested 
that  a c.harge  be  fired  at  a giver,  distance  from  it  on  the  line 
Joining  ABLE  and  X-Ray.  The  firing  ship  maneuvered  until  it  was 
on  a course  at  right  angles  to  the  ABLE-X-Ray  line  and  then  steamed 
at  five  knots  or  more  to  intersect  tne  line  at  the  prescribed  dis- 
tance from  the  Retriever,  as  measured  by  the  ship's  radar.  The 
charge  was  dropped  as  the  firing  ship  crossed  the  ABLE-X-Ray  line. 
Distances  and  charges  for  each  event  were  chosen  sc  as  to  give  a 
nu.mter  of  first  arrivals  (or  deflntte  later  ai'rlvals)  from  each 
au.spected  sediment  la’'er  or  th.r  '■'or>  '-asement.  The  distances 
spec f ed  for  each  event  were  1030,  2G0C,  .iOOO,  5000,  7000,  9000, 
and  12,000'  feet,  although  additional  shots  were  fired  at  inter- 
mediate ranges  in  so.me  events.  In  the  case  of  a dud,  the  charge, 


T.'*“  ‘ 

•.  h was 

tied  to  nar.g 

a b cut  3 0' 

be  :0  V.  a five  gallon  c 

wat= 
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’iATER  WAVE  ARRIVAL 


Ltd 
Z Ti.6 
to  t 
crap 


The  rectified 
Lht  cu-i'ivttl  " 
water.  The  te 
he  cotton  was 
h.  The  sal ini 


high  frequency  camer’a  traces  were  used  to  de- 

^ ^ ^ ^ 4 ^ M ^ 4 ^ ^ V\  >.*  ^ ^ ^ f-«r»  V*< 

Llvt*  OUUMU.  WCKVC  1.  avCJ.J.il^  WiiUJ.x  W J.J  w*-.fc 

niperuture  of  the  ocean  water  from  the  surface 
measured  each  working  day  using  a bathythermo- 
ty  of  tne  water  ai'cund  X-Ray,  as  obtained  from 


I A 


reports  by  St  ock  con,  ' * ' ' was  approximately  dl  parts  per  thousand 
for  the  bottom  naif  of  the  water  layer.  In  Table  I,  the  temper- 
ature data  and  the  velocities  obtained  from  tables  of  sea  water 
sound  velocity  are  presented.  Since  the  first  arrival  water 
wave  travels  in  the  region  from  di  feet  deem  down  to  the  ocean 


bottom,  the  average  velocity  for  this  region  was  used.  For  Events 
ABLE  and  BAKER,  this  average  velocity  was  almost  exactly  49C0  ft/sec 
while  for  Events  CHARLIE  and  DOC,  It  was  4910  ft/sec. 

In  Tabic  II,  a comparison  is  made  of  the  radar  range  of  the 
Retriever  at  the  time  of  each  shot-  with  the  range  computed  from 
the  water  wave  arrival  time  and  average  sound  velocities  in  water 
as  given  in  Table  I.  Since  the  travel  times  can  be  measured  to 
thcusandtns  of  a second,  the  estimated  error  in  "computed"  ranges 
due  to  an  error  in  measurea  travel  time  should  te  about  O.Q%  for 
tne  shortest  range  diminishing  to  less  than  0.£;?  for  the  longest 
range.  The  spread  of  differences  between  radar  and  "computed" 
ranges  can  be  accounted  for  by  the  difficulty  in  reading  the  ra- 
dar screen  in  the  sh.ort  time  available  and  by  the  fact  that  there 
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were  several  radsir  observers,  each  with  slightly  different  radar 
scope  reading  habits. 

It  is  striking,  however,  that  for  Events  ABLE  and  BAKER  and 
shot  Id  of  Ever'.t  CHARLIE  (carried  out  on  June  £ord  and  £5th)  the 
radar  range  is  alw'ays  less  than  tne  "computed"  range  with  only 
one  exception.  For  Events  CHARLIE  and  DOG  the  opposite  is  true, 
l.e.,  the  radar  range  is  always  greater  than  the  "computed"  range. 
It  was  noticed  after  one  event  that  the  ship's  radar  scope  was  not 
accurately  cer.tered,  i.e.,  the  center  of  the  radar  sweep  beam  did 
not  coincide  with  the  center  of  liie  scope  grid.  Such  non-center- 
ing could  lead  to  a I’ecurring  error  during  the  course  of  an  event 
in  wnicn  tne  1 1 ster.ing  coat  was  always  on  the  same  oear*ng  from 
tne  firing  ship.  If  the  radar  beam  were  left  the  sajne  in  both 
Events  ABLE  and  BAKEIR,  the  radar  "error"  snould  be  of  opposite 
sign  in  the  two  cases  since  their  ti-ue  bearings  would  be  160® 
apart  on  the  radar  screen.  Since  this  was  not  true,  it  means 
tnat  if  the  radar  "error"  in  Event  ABLE  were  due  to  non-center- 
ing of  the  radar  beam,  the  radau’  beam  must  have  been  readjusted 
before  Event  BAKER  two  days  later.  N'o  note  was  made  whether  such 
radar  adjustments  yero  made  or  not. 

RECIPROCAL  RANGES 


In  drawing  the  travel  time  graphs,  it  is  helpful  to  have  the 
range  between  the  two  stations  comprising  the  reverse  profile 
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(reciprocal  range)  eo  tnat  the  reverse  points  can  be  plotted.  The 
firing  ship  located  each  listening  station  with  respect  to  the 
anchored  buoy  at  a radar  range  of  one  mile.  From  Table  II,  it 
appeai-s  that  for  a radar  range  of  2C2?  yards,  the  corrected  range 
would  be  125  yards  greater  for  Event  ABLE,  120  yards  greater  for 
Event  BAKER,  30  yards  less  for  Event  CHARLIE,  and  90  yards  less 
for  Event  DCG.  Carrying  cut  tnese  radar  range  corrections,  the 
distance  between  ABLE  and  BAKER  or  reciprocal  range  is  12,900  feet, 
corresponding  to  a water  travel  time  of  12900/4900  = 2.630  seconds. 
The  distance  between  CHARLIE  and  DOC  is  11,650  feet,  corresponding 
to  a water  travel  time  of  11650/4210  = 2.375  seconds. 


BUBBLE  PULSES 


Since  the  charges  used  in  this  experiment,  ranging  from  1/2  lb 
to  12  1/2  lb,  were  not  fired  on  the  water  surface,  bubble  pulses 


v;ere 

obtained  on  each  shot 

record.  Ti:e  first 

bubble  pulse 

inter 

vals 

were  measured  and  tr.e 

dedtti  i 

first  cubble 

pulse 

inter 

•val  equation 

rn 

i. 


= 4 


- „ V 5/c 

CO  ) 


I 


T being  tine  first  bubtle  pulse  interval  3r  seconds,  W the  charge 

(T) 

weignt  in  pounds,  ana  H t.ne  oepth  of  ti.e  cn.arge  in  feet.  It 

was  found  that  the  pulse  intervals  corresponded  to  a depth  of 
about  30  feet  only  for  the  heavier  chai’ges,  those  over  4 lbs.  The 
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l/£  it  charge  intervals  were  of  the  order  of  0.14?  seconds  (aver- 
age value),  ccrrenpondlng  to  a depth  of  only  9 feet.  The  1 It 
charge  pulse  interval  correspond  to  a firing  depth  of  13  feet, 

1 1/2  it  charges  a depth  of  25  feet,  and  2 It  charges  a depth  of 
20  feet.  The  conclusion  arawr.  fronp.  these  calculations  is  that 
the  lighter  charges  may  not  have  had  sufficient  time  (approx- 
i;;:ately  3G  seconds)  to  c-ir.k  2Z  feet  below  the  float  before  they 
exploded.  The  sinking  rate  for  free  falling  1/2  It  demolition 
blocks  can  be  obtained  from  a report  by  Officer  and  Vfuenac.hel . ^ ^ 
Their  curve  indicates  that  a •’’ree  fal]lng  1/2  to  1 lb  block 
should  Sink  6C  feet  in  o6  seconds,  w.nich  is  considerably  more 
than  t.ne  experimental  bubble  pulse  interval  would  indicate.  How- 
ever, it  may  be  that  the  cord  used  to  tie  the  charge  block  to 
the  oil  can  float  retarded  the  sinking  rate  to  such  an  extent 
tnat  the  block  only  sank  5 feet  in  oO  seconds.  All  travel  time 
calculations  were  made  on  the  assumption  that  tne  shots  actual- 
ly were  fired  31  feet  belov.’  the  water  sur*''ace  since  the  corres- 
ponding difference  in  ti’avel  time  tlircugh  the  water  is  negligible. 


THEORY 

T ne  r.  h e or  y 1 n v o i v e 
•■:ons  nae  been  covered 
ir,  geophysical  books  su 
for  our  particulai’  cane 


d in  the  deriva"i:.r  of  travel  time  equa- 

(o' 

in  . onsidei'ab  ie  de*:ail  oy  Ewing-"''  and 
;ch  as  tnat  of  Dobrin.^  The  wave  paths 

art-  shown  in  Fig.  2.  Since  these  wave 
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paths  are  slightly  different  from  tne  standar-d  arrangement  in 
which  Che  shot  ar.d  hydrophone  are  both  on  the  ocean  surface, 
t ne  travel  times  v/ill  be  derived  in  tnis  section.  The  veloc- 
ities, dept'nfl^  and  angles  are  as  defined  in  Ewing's  paper.  We 
shall  assume  a uniform  velocity  in  tne  water. 

For  path  (1)  entirely  in  the  water,  L,  = V' 

where  we  nave  for  cur  case  (//v/  x jooo'^  "^900  yV^sec^ 

neglected  the  term  in  y. 

For  path  (2)  tiirough  the  water  and  along  the  v.'ater-uncon- 
Bolivlated  interface; 

~ >r 4 = ^ 4 ^ y <i;i.  *kn  Via. 

Va.  Vj.  V;cc^v,a^  ^ 

where  we  have  used  i.  _ . Com.binlng,'tj.s  ^ 

V,  ‘ ‘‘  ' V, 

For  patn  (o)  through  the  water,  across  the  unconsolidated 
layer,  and  along  the  unconsolidated-3e;c‘ -consolidated  Interface: 

bia 

V/|COS  cos 


- Sir.  V,,  . . 

V,  ' 


the  y ter. ms  become 


''i  ^/j 


, y4ar,qt,,s.n  ^ 


^ •iao  'f,-  tjos  **'  "^5 
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The  second  and  third  y terms  combine  as: 

y ^ 

Vi. 

This  ter;:*  then  combines  with  the  fourth  y tern  to  give: 

^ (-Vj3  - 


Using  V,  , ‘^13 


, tnls  tern  then  combines  with  the 


n4l 


first  V term  to  give : 


V; 

The  n,-,,  tern  car.  be  reolaced  by  h, 


2a 


X sin  tJ>  2Z 


hr*,  terms  give; 


^ Si 


The  X terms  are; 

y 5m  u:»^3 


N^ccs 


X cos  ^ ^3  3 


ar.d  witr.  ^ 
the  X expression  becomes; 


^3  V3 

, t.ne  first  arid  third  tern  combine  and 


JL  (co9  ^ 3in  -^3 ^A3j 


= rr  ^ = 

Vo- 


X 

V3.. 


Where  v ya. 


is  the  apparent  velocity  in  the  third  layer. 
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Altogether  then,  one  nas: 

''j.Q. 


. . X A lijcL  ^a3 

^30. - 


y CO*  Pt 


13 


Va 


V, 


give  : 

t 


For  path  (4),  the  previous  reasoning  can  be  followed  to 

= JL  + ^^30.  ^ y 

^40-  V,  V, 

The  relations  between  the  various  angles  in  Fig.  i.  are 
given  by  3nell'B  Law  as: 

— L.  r Sin 


V. 

la 

Sin  <y  

^ - 

-^‘'""^13  TT  " 

\y, 
• ;> 

\/, 

= y<_  = 

Va 

sio  Q(fj^ 

WoL 

H - s,n 

V3 

■5'n 

77  - 
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RESULTS 

The  travel  time  graphs  eire  plotted  in  Figs.  3 and  4.  Several 
of  the  lines  are  poorly  determined,  such  as  the  Bemi-consolidated 
refraction  arrivals  in  Fig.  3 for  the  AELE-BAXER  profile  and  the 
eemi-conscl idated  refraction  arrival  in  Fig.  4 for  the  CHARLIE-DOG 
profile.  The  intercepts  for  the  various  refraction  arrivals  are 
listed  in  Table  III  along  with  Ihe  velocities  computed  from  the  in- 
verse slopes  of  the  lines.  Since  in  each  case  the  velocities  for 
the  reverse  stations  are  almost  equal,  the  slopes  of  the  sediment 
and  hadc..;ent  interfaces  must  be  very  small. 

The  computed  velocities  and  layer  thicknesses  are  summ^u'lzed 
in  Table  IV.  Only  tne  uncor.solidated-semi-oonsolldated  interface 
for’  the  ABLE- ?AKE?.  p’^cfile  has  an  appreciable  slope  and  even  this 
is  somewnat  because  of  the  difficulty  of  estatllshlng  the 

ABLE  and  BAKER  intercepts.  The  thickness  of  the  unconsolidated 
sediment  'layer  at  X-Ray,  n^^  computed  from  the  two  reversed  pro- 
profiles  do  not  agv^e  and  it  is  prcbaile  that  the  depth  at  ABLE 
is  too  small.  Tne  maximum  base. lent  slope  at  point  X-Ray  does  not 
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change  in  slope  for  a small  change  in  the  ti'avel  time  graph  inter- 
cepts. The  total  depth  to  the  basement  at  X-Ray,  1870  feet,  is 
in  agreement  with  the  estimate  of  1700  feet. 

Figs.  5 and  6 show  cross  sections  through  the  ABLE-BAKEIR  and 
the  CHARLIE-DOG  Stations. 
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DISCUSSION  OF  RESULTS 

The  average  velocities  for  the  unconsolidated,  serai  -consol- 
idated, and  basement  layers  aj*e  lu  good  agreement  vith  the  aver- 

(2) 

age  velocities  found  by  Oliver  and  Drai:e:  5400  f t/sec  for  un- 

consolidated layer,  6500  f t/sec  for  serai-consolidated  layer,  and 
13.400  ft/sec  of  the  roc/,  basement.  They  found  these  "hree  layers 
at  one  seismic  station  southeast  of  31ock  Island  and  two  stations 
south  of  ShinnecocK  I.nlet  near  the  eascer.n  end  of  Long  Island.  At 

t -»  \ 

Station  ?,  show.n  on  Fin.  1,  Ewing  et  al^  ' found  only  an  unconsol- 
idated sediment  layer  of  velocity  5600  ft/sec  and  a rock  basement 
2100  feet  down  with  a velocity  of  18,800  ft/sec.  Evidence  of  a 
aeral-consollo'.ated  layer  of  velocity  10,300  ft/sec  appeared  only 
on  the  south  side  of  Station  7.  Since  this  velocity  is  so  much 
higher  than,  the  serai-consolidated  layer  veloc  ty  found  in  this  ex- 
periment, it  is  probable  that  the  materials  comprising  the" semi- 
consolidated"  layers  are  quite  different  in  the  two  cases. 

An  extensive  study  of  the  underlying  geological  formations 
of  Long  Island  has  been  made  by  the  New  York  State  Conservation 
Department.  Their  report s ^ shew  the  basement  rock  and  In- 
ter.mediate  layer  cor:t,oux-b  based  on  frcG.h-water  well  log  data  over 
the  wuhcle  island.  The  basement  rock  surface  contour  extrapolates 
very  well  to  cover-  the  r-esults  r.f  the  present  experi.raent  and  esir- 
lier  seismic  work.  I.n  addition,  their  north-south  cross-sectional 
r)r  o'f''"'.es  I,"-..’’' ‘_c  ■.ts-  tm"  ‘ ' "nc cnscl ic at  l-aver  in  our  seismic 


iyfcrlkTicn 
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work  rjiiy  be-  Identified  wlt^n  tne  Magothy  layer  knovn  to  exist  un- 
der the  top  glacial  deposit  of  western  Long  Island.  The  secii- 
consollduted  layer  may  be  Identified  with  the  Raritan  and  Lloyd 
layers.  It  is  probable  that  the  Hai’itar.  layer  runs  out  as  one 
proceeds  southeasterly  from  New  York  harbor  so  that  at  Station  S 
it  has  been  replaced  by  otner  deposits  of  higher  sound  velocity. 


PRECISION  or  RS3L1.TS 


It  is  Impossible  in  a shot  refraction  experiment  to  give 
more  than  crude  estimates  of  tne  prec Isicn  of  tne  results  for 
tne  following  reasons. 

(1)  The  reading  of  the  ca:nera  records  involves  personal 
Judgment  in  the  selection  of  the  ground  arrivals.  Even  though 
a selected  point  on  tne  camera  record  can  be  measured  to  i 0.001 
second,  in  iuany  cases  the  actual  start  of  the  ground  wave  ar- 
rival on  a record  (especially  a second  or  third  arrival)  may  be 
difficait  to  estimate  within  1 0,01  or  even  1 G.i  second.  Hence, 
the  considerable  number  of  questionable  points  on  the  travel 


time  graphs. 

121  Except  for  several  of  tne  casement  refracted  arrivals 
and  the  semi- c onsol Iduted  _ayer  refracted  arrival  at  Station 
CHARLIE,  only  two  to  four  points  can  be  counted  on  for  detei - 
raination  of  the  travel  time  graph  lines.  With  so  few  points  to 
determine  a line,  it  is  difficult  to  ^^ssess  the  possible  errors 
in  the  elope  and  i.ntercept  values  of  TaCle-  III. 
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(3)  For  the  computation  oi'  the  velocity  of  sound  in  sea  wa- 
ter at  the  time  of  the  experiment  in  late  June,  it  was  necessary 
to  use  sea  salinity  data  taken  several  years  earlier  at  another 
month  of  the  year-  The  estimate  of  salinity  as  31  parts  per  thou- 
sand for  the  near  bottom  sea  layers  may  de  in  error  by  several 
parts  per  thousand.  This  salinity  error  and  the  ^rror  caused  by 
assuming  that  the  temperature  of  the  sea  water  remained  constant 
ever  each  working  day  at  the  batny thermograph  values  limit  the 
accuracy  of  the  water  so'.nnd  velocity  to  about  1/2%.  Vt_,  of 
course,  enters  into  the  calculation  of  each  of  the  other  layer 
velocities. 


(4)  The  reciprocal  ranges  were  obtained  from  "corrected" 
radar  ranges  and  their  accuracy  is  unknown.  The  choice  of  dif- 
ferent reciprocal  ranges  would  affect  the  values  of  the  reverse 
points  and  hence  the  values  of  tne  slopes  of  the  travel  time 


graph  lines. 

(5)  The  velocities  of  the  various  ground  layers  were  as- 
sumed to  be  constant  over  the  length  of  each  profile,  whereas 
there  may  actually  be  a change  in  the  material  density  a:'»d  sound 
velocity  in  tne  gi-ound  layers  over  the  two  mile  ranges  of  the  re- 
vpv>qed  profiles. 

(6)  Errors  in  the  calculation  of  layer  thickness  are  cumu- 
lative since  each  layer  intercept  calculation  involves  a terra 
for  the  previous  layer  tnickness. 
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(?)  A lev  velocity  eediment  layer  (i.e.,  with  sound  velocity 
lover  than  that  in  water)  would  not  be  detected  in  this  experiment. 

Teiking  into  account  the  source  a of  error  listed  above,  and 
weigr.ling  the  results  cf  one  owo  reversed  profiles,  we  estimate 
that  the  set  of  velocities  in  Table  IV  has  a precision  of  i 
while  the  eet  of  layer  thicknesses  ut  X-Ray  has  a precision  of 

CONCLUSIONS 

From  tills  experiment  . several  of  the  physical  par-aroeters 
nave  ceen  determined  at  Point  X-Ray.  Since  the  layer  interface 
slopes  are  small,  a parallel  sediment  layer  model  is  a good  ap- 
proximation for  this  area.  Somewhat  better  val.ues  and  certain- 
ly better  internal  data  consistency  would  have  been  possible  if 
mere  shots  had  been  fired  and  recorded  on  each  profile.  The  ve- 
locity and  depth  values  obtained  for  each  seismic  refraction  lay- 
er a’-'e  in  good  agreement  with  previous  experiments,  including 
both  seismic  work  offshore  of  Long  Island  and  fresh-water  well 
log  data  on  the  island  Itself. 
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COMPARISON  OF  RANSS  OOlfniTgP  FROM 
"?ATER  WAVE  TRAVEL  TDC  WITH  RADAR  RANGE 


E-rent  ABLB  . 25  Jmie  1953 


SHOT  NO. 

WATER  WAVE  j 

a t A^aa  « . . 1 

COMPDTED 

RADAR 

PtANGE 

l)il‘l'’EKKNi;a 

13 

0.454  aeo 

2570  ft 

1950  ft 

420  ft 

6 

.621 

2560 

1950 

610 

7 

.530 

5550  ' 

2850 

480 

1 

10  ' 

1.0*^ 

S290 

4950 

540 

11 

1^491 

1 

7510 

6900 

410 

12 

2.535 

12,400 

12,150 

1 

350 

Shota  l,2,3o4#5,8,9  iraro  either  duds,,  not  n»ocrded»  inaide 
radar  range,  or  radio  signal  waa  lost.  Sound  Telooity  used 
for  ABLE  waa  4898  tt/a«o  (see  Table  l). 


Brent  BARER  . 25  June  1955 


SHOT  NO. 

WATER  WAVE 
HAVEL  TIMS 

COMPLIED 

RANOB 

RADAR 

RANGE 

DIFFERENCE 

2 

0»496  360 

.2430  ft 

1980  ft 

460  ft 

3 

• 686 

1 

5360 

1 

3000 

560 

•i 

1 -noQ 

V V 

6380 

] 

4875 

505 

6 

1.464 

7170 

6975 

195 

6 

1.878 

9190 

9030 

160 

LO 

2.165 

10,300 

10-050 

550 

9 

2.329 

11,400 

12,000 

-600 

Shota  1,7,8  irore  either  inside  za.dar  range  or  not  reoorded. 
Soond  Tslool^  used  for  BAXEE  was  4900  ft/aeo. 
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TAHLE  II  (eon't*d) 


CIARLIE  — 26  June  (Shot  la)  - 50  June  (Shots  1»»8) 


SHOT  NO, 

: VfATER  V/AVE 

TRAVEL  TIMS 

COMPUTED 

R.ANGE 

Radar 

RANGE 

DIFFERENCE 

la 

. 1 
.286  sec 

1405  ft 

1125  ft 

280  ft 

1 

.383 

1 1880 

1950 

- 70 

2 

1 

.531 

2610 

2850 

-240 

3 

1.000 

4yio 

5025 

-115 

4 

1,130 

5590 

5650 

-260 

5 

1 

1,392 

6850 

7050 

-200 

9 

1.515 

7450 

7650 

-200 

7 

1.735 

8520 

8700 

-180 

a 

1*957 

9610 

9900 

-290 

Shot  6 - lost  radio  shot  signal*  Sound  -rolooity  used  for 
C'-A.-JLIE  was  4911  ft/seo* 


Event  DOG  — 1 July  1955 


SHOT  NO. 

’.7ATEH  '.7AVE  1 

TRAVEL  TDffi  j 

} 

CCI.!PUTED  [ 

RATJGE 

RADAR 

range 

DIFFERENCE 

2 

0.394  see. 

1940  ft 

2100  ft 

-160  ft 

3 

.667 

2790 

5000 

-210 

4 

.938 

4610 

4950 

-340 

5 

1.130 

5550 

5775 

-225 

6 

1.355 

6660 

1 

i csso 

=330 

7 

li546 

7600 

0070 

-470 

8 

1.740 

8550 

9000 

-450 

o 

1.S66 

1 

9660 

10,140 

1 

-480 

10 

2.537 

11,500 

12,000 

-60fJ 

11 

3.059 

16,050 

1 

15,450 

-420 

Shot  1 was  within  radar  raiage,  Sound  velocity  used  for  DOG 

-.vao  4Slu  rt/seo.  RESTRICTED 
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lAFLE  III 

TRAVEL  TIME  RRAPH  INTERCEPTS 


STATTON 

T.AYV.R 

1 

INISSCEPT  ' 
at  t = 0 

1 TV>re'D/»DWi  1 

at  t = 2. 635  I 

TT—  1 — .4  4-t  - • J»  — MX./ 

fwxsj%3xXfljam  xu  av/b«q 

f^rom  Reciprocal  Slopes 

ABLE 

Unconsolidated 

1 

vleOOW 

2.277 

B 5686 

Semi-eonso lldated 

0.118 

2.075 

Y^  m 6690 

Rook  bfidesent 

0.521 

1.2S6 

V..  - in040 

BAKER 

Unccns  ollaatea 

1 

0.006 

2.277 

VgB  = 

Semi-oonsolidatod 

0.144 

2.075 

^B= 

Rook  besement 

0.548 

1.236 

- 18750 
4B 

STATION 

1 

LA.YER 

INTERCEPT 
at  t - 0 

INIERCEPT 
at  t = 2.373  , 

Velocities  in  ft/B9o 
from  Reciprocal  Slopes 

CBAPXIE 

Unconsolidated 

0.011 

2.103 

Vg^  - 5570 

So.iii-consolidatod 

0.167 

1*861 

Vg^  . 6880 

i 

1 

Hock  'bAflCT!»nt 

0*545 

] 

1.171 

"'^iC  - 

DOG 

Unconsolidated 

0.010 

X.108 

VgD  - 5570 

Semi-oonsol Idated 

0.165 

1.861 

^3D  = 

Rook  basement 

1 

0.561 

i 

1.171 

^4D  = 1^800 
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CHART  OF  POINT  X-RAY  AREA 
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CHARACTERISTIC  WA'^E  PATHS  THROUGH  THE 
WATER  AND  THE  GROUND  LAYERS 


ftCSTKK:TCO 


RESTRICTED 


-30- 


CROSS  SEC^'ION  THROUGH  THE 
ABLE -BAKER  STATIONS 

\ 

I 


A Dl  C* 

uy  k-  ^ 


POINT 

V _ O A V 

AV  » % m I 


80' 


t — 12900' 


0Ai<rR 
=i- 


WATEP  V,=  4 900fS^lZH 


’ 7 7 T 


/ 


/ / / 


UNCONSOLIDATED  SEDIMENT 


80 


750' 


1010' 
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FIG.  5 
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CROSS  SECTION  THROUGH  THE 
CHAF.'LIE -DOG  STATIONS 
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FIG  6 
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